The problematics of the economic and technological state of the prospects for coalbed methane in the Karaganda coal basin has been outlined. Therefore, correspondently the current state of development of coalbed methane in the modern world economic infrastructure of the fossil fuels and energy generating complexes has been analyzed. The main emphasis of the article has been drawn to identify forward-looking and timely development of this area, which may be designated a priority in the transition of the energy sector of Kazakhstan to the "green economy," with the current requirements of environmental safety.
opening a joint venture for the realization of the methane's exploration and mining investment project Karaganda coal basin. Taking into account this the author truly believes that the current research will meet a certain interest amongst relevant and general public.
Importance of the Problem
Kazakhstan has large and virtually untapped resources of coalbed methane, which, according to various estimations, are about from 2 to 8 trillion cubic meters. These resources include Karaganda (2-4.3 trillion m 3 ) Ekibastuzsky (70 billion m 3 ), Tengiz-Korzhunkolsky (45 billion m 3 ) basins, Samarskoe and Zavyalovskoe deposits, etc (Daukeev et al., 2002) . Such a resource base allows to predict the possibility of development of new fuel and energy, using methane chemical industries in the country.
CBM for Kazakhstan is a new direction in environmental management, therefore it is important to determine all possible anthropogenic impacts on the environment at every stage of the work carried out on site. Mining of coal bed methane permits preliminary degassing of coal seams and thus prevents the release of methane into the atmosphere -a greenhouse gas (GHG) as production of each ton of coal is accompanied by release of 5 to 30 m 3 of coalbed methane (Kort et al., 2008) . The region of Karaganda CBM production can also receive an additional marketable products -the cleanest fossil fuel, the use of which is accompanied by a significant reduction in air pollution, compared with fuel oil and coal.
Hypothesis
The organization of feasible production of gas-bearing coal basins in Karaganda and other coal basins depends on their appropriate geological characteristics and conditions. This production will allow to improve economic, social and environmental conditions of Central Kazakhstan.
Method
The research methodology is based on practical and factual material of the LLP "Zhumys-Strojservis", JSC "ArsellorMittal Temirtau" (the main operators in the Karaganda basin), universities (Moscow State Mining University, Novosibirsk State Technical University), research centers (Karaganda State Technical University, LLP "Azimuth Geology"), government authorities, leading international experts and experience of developed countries. Confirmation / refutation of the hypothesis as well as coverage of main issues will be conducted through the review and analysis of the fundamental and applied research in the field of extraction of methane from coal basins.
Subsections of the Study
In order to conduct a comprehensive study of the stated problem the following subsections have been determined:
• Geological features of Karaganda basin;
• Environmental aspects of methane production;
• Methane safety;
• Feasibility study.
Furthermore, these subsections are followed by correspondent results carried out by correlation of geological and geophysical materials of LLP "Zhumys-Strojservis» (Temco Energy Group) and mathematical modeling, determination of environmental benefits from a decrease of GHG emissions from coal mining and estimation of profit growth due to enhanced recovery of methane.
Geological Features of Karaganda Basin
The results of exploration of coal deposits, including the study on coalbed gas content, are the initial information for assessing the resource's base. The main principle of assessing and selecting perspective areas for methane production is keeping its technological, economical and environmental feasibility. It is important to take into account the peculiarities of geodynamics of carboniferous geological structures and arrays (Anderson et al., 2003) , which are the predetermining factor in the regional development of not only the natural fractures and permeability of coalbed, but characterize the possibility to use technogenic ways to improve the reservoir permeability, intensification (activation) of gas recovery.
Karaganda coal basin is an asymmetrical rather large complicated syncline, elongated in the latitudinal direction. The hydrogeological conditions of the target formations in the Karaganda basin are relatively favorable. The Karaganda coal basin is one of the gassy (with high gas content). The vast number of mines are over-categorical . (Azizov & Vlasov, 1997) .
Tectonically the Karaganda basin is confined to Karaganda synclinorium latitudinal distribution, being located in the middle of it. From the south the basin is limited by Zhalairskyi thrust, northern board -sedimentary and volcanic rocks of the Devonian, in the west -a large Tentekskaya fault with a displacement amplitude of 4 -5 km. Eastern boundary is considered to be the part where the area of carbon development is narrowed (Dumler et al., 1996) . Two transverse uplifts (Alabayskaya I anticline and Maykudukskoe lifting) are dividing the basin into three major troughs (from west to east): Churubay-Nurynskaya, Karagandinskaya and Verhnesokurskaya. The Churubay-Nurynskaya syncline (trough) is a complex asymmetrical fold, elongated in the meridional direction. It holds the full section of coal-bearing strata. The wings of syncline are composed by lower productive suitesAshlyarikskaya and Karagandinskaya. Churubay-Nurynskaya syncline is splited by a large Churubay-Nura thrust into two parts. The western part corresponds to Tentekskaya coal district, and east -Churubay-Nura (Golitsyn et al., 1973) . Here the disjunctive dislocation is being developed intensively, while the prevalence of disorders of mainly latitudinal upthrow character is being observed. Many researchers were paying a lot of attention to Karaganda coal-bearing and over-carboniferous section, but the concept of its stratigraphy was founded by Kushev G.L., Semenov Z.P., Simorinov A.M. (Koubaichuk, 2004) . The sectional view covers horizons from the upper half of the Lower Visé to Permian and almost entirely composed of terrigenous clastic rocks with rare interbedded limestones and coal seams in the lower suites (Kler, 1973) . The carboniferous of the basin increases along with the circuit and deepening trough as the surrounding ancient landscape was covered with sea essentially, and the climate was warm and humid. (Dumler et al., 1996) .
The degree of the coal metamorphism increases with stratigraphic depth starting from gas coals of tentekskaya suite and ending with coke and depleting coals of ashlyarikskaya suite. In addition, the metamorphism of coal increases in a southerly direction with the increasing power of the coal-bearing strata, as well as in drop in coal seams. This metamorphism causes a variety of coals from the gaseous to anthracite, inclusive in the south of the basin. The coals are of following types: vitrinite (60-80%), with average ash content (10-25%) in dolinskaya and karagandinskaya suites, with high ash content (20-35%) in ashlyarikskaya and tentekskaya suites (Adilov et al., 1999, pp. 288-292) . The difference in the metamorphism of coal affects the methane distribution according to forms of their existence (Table 1) . 
Environmental Aspects of Methane Production
Ecological problems of production, processing and use of coal are relevant for modern Kazakhstan. Each year, mines of the Karaganda coal basin produce 10.8 million tons of coal with gas content of 16-57 m 3 per ton of coal, with the captured 277 million m 3 of methane (out of which 35 million m 3 by degassing and 242 million m 3 by ventilation). At the moment out of the degassed volume only 12 million m 3 of methane (4.3%) is being used, the remaining amount is burned, making a significant contribution to global pollution of the country and the planet as a whole (Ministry of Industry and New Technologies of RoK, 2009). The crisis environmental situation in the coal-mining regions is determined along with the air pollution and water pollution associated with the destruction of natural landscapes (soil and vegetation). With such a large scale of destruction of natural landscapes coal mining areas meet the criteria for their inclusion in the zones of "ecological disaster." The degree of impact on the environment of these technogenic landscapes is so significant that it can not be assessed only on the damage caused to agriculture or forestry. Drastic changes in the nature of biological and soil-geochemical processes caused by mining operations, accompanied by a trail of negative environmental impacts, covering all the Karaganda region and surrounding areas due to the transport of pollutants from disturbed land by river runoff and wind. Taking into account current level of coal production and concentration of coal enterprises, their impact on the environment (on the surface and subsoil reserves) determined as overly large. The impact of coal transportation over long distances, burning, emissions are becoming large-scale processes occurring and spreading far beyond the coal-mining regions. This impact is followed by violation of the surface without further land reclamation, the location of storage sites of solid and liquid waste, the loss of hundreds of water sources, small rivers, disruption of the hydrological and hydrochemical groundwater regimes (Vidic et al., 2013) and causes serious consequences for the nature, life and health of population.
The development of CBM resources is accompanied by impact on the environment. Drilling, hydraulic fracturing of the coal seam, drainage wells, as well as the stage of methane production, are associated with specific technogenic impact. Methane is released as a "fugitive" emission during the drilling and production of both unconventional and conventional wells, and as part of the processing, transportation and storage of the gas (Cathles, 2012 , Howarth et al., 2011 . In terms of environmental pollution technology of methane production www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 6; 2015 149 from coal seams can be divided into the following main steps:
• drilling of wells;
• intensification (fracturing) of coal seam and creation of reservoirs of increased drainage capacity (King & King, 2013 );
• drainage of the coal seam;
• extraction of methane.
In the areas of CBM production the soil has a significant technological impact due to the deposition of pollutants from emissions of coal mining (open pit), processing plant, boiler, and other objects. The impact on vegetative cover and animal world is connected with a number of direct and indirect factors, including:
• mechanical damage;
• fires;
• pollution and littering;
• changes in the physical properties of soils;
• changes in groundwater levels, water balance and flow conditions (waterlogging or flooding, dehydration) (Arthur et al., 2008 );
• noise and vibration effects in the operational work (drilling);
• emergencies.
The closure of coal enterprises can lead to even more aggravate the ecological situation in the region.
International practice on the examples of mine closures UK shows that environmental and anthropogenic impact is seen far beyond the mining leases of coal enterprises, and can be assigned in time for many years from the date of liquidation of the mining enterprise (Vengosh et al., 2014) .. This phenomenon is primarily due to groundwater transfer of contaminants to the zone of the underground potable water intakes, due to extrusion and transfer of toxic gases, due to flooding large areas and formation of swamps within the boundaries of cities and towns. In this regard, it is necessary to establish an effective system of production and use of coal bed methane, as a way of reducing the environmental impact of the coal industry. Despite the fact that in the Republic of Kazakhstan coal bed methane is not defined as an independent mineral resource, it is environmentally friendly, efficient energy and chemical raw material. Coalbed methane can be extracted as a standalone product and as a byproduct produced during mine degasification before mining coal.
It should be noted that during extraction of methane from coal seams the ecological efficiency is mainly determined by the difference in the specific allocation of greenhouse gases (GHG) between CBM and replaceable raw material. Preliminary extraction of methane within the mining leases of mines drastically cuts down the GHG emissions even in the absence of methane utilization and its flaring (Moore et al., 2014) . In connection with this environmental evaluation was carried out with the following assumptions:
1. Preliminary extraction of methane from coal seams at various technologies is carried out within the mining lease of mines.
2. As an alternative adopted zero option -the rejection of preliminary extraction of methane from unloaded coal seams.
Methane Safety
The main emphasis in solving problems of the methane safety is to improve the control systems of methane in the atmosphere of mines and, to a lesser extent, control of schemes of ventilation and degasification. The main sources of ignition of methane-air mixtures are explosive works; electrical equipment and apparatus, frictional sparks, even smoking and a number of other reasons, which respectively correspond to 46%, 22%, 12.6% and 10% of all emergency cases (Sayers et al., 2004) . It should be noted that in these estimations such an important factor as gas-dynamic phenomena is not taken into account. The solution of this phenomena has a very limited range of possibilities: preparation of protective layers, preliminary degassing and field preparation. Under these conditions, a radical determination of the problem is possible only through an integrated approach, covering both the technical and technological solutions increase of methane production, and organizational solutions.
The question of commercial production of coalbed methane in the Karaganda basin is quite difficult. The coal seam itself is a sophisticated low-permeable fractured media block with a huge anisotropy and inhomogeneity of the properties. It should noted that 80-90% or more (98%) of coalbed methane is in adsorbed state www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 6; 2015 (Akhmetbekov, 1994) . If it is taken in a free state, then the process of migration to the well is very durable, requires significant changes in the state and properties of coal-gas-saturated concrete. A substantial portion of the pore space coalbed is represented by pore size of from 1 to 10 nm where the capillary condensation and diffusion of gas are present, by pore size of from 10 to 100 nm where there is a slow laminar gas filtration, etc. (Palmer et al., 2005) . All the following can be characterized as a transportation processes of methane, requiring considerable time. In the macropores (Poiseuille pores) the mass transfer process is slightly faster where there is an intense laminar filtering (Vasuchkin, 1986) . In addition, only under conditions of visible pores and cracks in the case laminar and turbulent mixed filtering process is occurring which may be provided by more or less acceptable yields of wells. The mechanism of extraction of methane from coal seams with low permeability is very specific and has nothing to do with the mechanism of gas flow in the operation of clean gas fields (Stevens & Hadiyanto, 2004 , Tsang et al., 2008 . All this determines the need for the widest possible use of the experience of scientists and experts in the extraction of coal bed methane in the process of degassing of coal seams from the surface through wells. For the period over 35 years more than 20 mining fields in the Karaganda basin were prepared for a safe and efficient development, using this technology (ArcelorMittal Coal Mines, 2013) . The problem of CBM production is a very important and urgent task for the coal and energy industries of Kazakhstan. From our point of view, at the intersection of their interests, balanced and informed decision of the problem of extracting methane from coal seams and of ensuring follow-up of methane coal is underlined. This defines the feasibility of carrying out first pilot projects on mine fields in areas of coal fields, where at least in the distant, but the foreseeable future mining activities will be carried out, which in any case have to ensure the economic viability of the works on extraction (mining) of methane by increased pressures on production faces, by increased rate of development workings, by rational utilizing of methane recovered, by environmental factors.
Feasibility Study
Primarily in terms of post-soviet industrial economy CBM in subsurface mining was considered as a source of potential explosion hazard (emissions, piper and intensive gassing). Today, R&D achievements allow us to shift to the new geotechnological methods of early methane recovery from coalbed layers (methods of directed hydro-dissection of layers) and subsequent use of gas as an energy resource (Christiaansen et al., 2007) . In the short term use of CBM, not only as an energy source (in liquid form for disposal), but also as a valuable raw material and product for chemical industry (food grade acetic acid, acetylene, product synthesis gas, etc.) is genuinely realistic and obvious. On this basis, it is reasonable to avoid sectoral approach in estimation of coalbed reserves and radical reorientation of their values.
The feasibility of organizing exploration and production of CBM fields in the Karaganda basin is determined by the following factors:
• the presence of large deposits of methane in coal basins of Kazakhstan;
• the availability of modern advanced technologies for commercial production of methane from coal seams that are widely used in recent years abroad;
• the presence in Kazakhstan scientific and technical potential, the ability to coordinate and carry out scientific research on the topic.
According to preliminary estimates (Ministry of Industry and New Technologies of RoK, 2009), in the coal seams of the Karaganda basin there are about 4.3 trillion m 3 of methane, which is a valuable, environmentally friendly fuel with the caloric content equivalent to 2 billion tons of coal. The following question naturally arises: how natural gas deposits of Karaganda basin can be used cost-effectively within the energy sector of the country.
In conducted study the global experience based on availability of technologies for the efficient extraction of methane from coal seams is stated as objective prerequisite for the organization of commercial production of methane in the Karaganda basin. This experience allows to ensure cost-effective production of coal bed methane as an independent mineral resource. As it can be seen from Table 2 , the geological parameters Black Warrior Basin, one of the largest basins in the United States, is significantly inferior to the parameters of the Karaganda coal basin. The gas content in the Karaganda basin is almost twice more than the mean gas content in the other the world's largest deposits.
Results

Gas Content Evaluation Based Geological Features of Karaganda Basin
The methane of Karaganda coal basin requires energy impact on the coal seams that will stimulate the decay of a solid methane solution and the corresponding gas extraction.
The methane, released from the undermined strata (neighboring), is able to move over cross macrocracks, cavities of bundle (Weber) (Glasby, 2006) , cross-border array of disturbed areas through large distances (from the zone of clearing works) and can be capped remotely up to 1000 -1200 m in the fall or the strike of the formation.
Therefore, all-out space of producing or exhausted column should be considered as technogenic gas collector, not a patch goaf of working face to the seal area caving. During the non-unified technology of production of layers, the whole area of producing or exhausted columns becomes the gas manifold. Pinching layers within the array, the line of their fracture, which are inclined to the horizontal at an angle of 55 -80 °, are considered as boundaries of gas collector.
Based on correlation of materials of LLP "Zhumys-Strojservis» (Temco Energy Group) for Schlumberger Data Processing and Consulting Services, Figure 2 shows the dependence of the gas content left in the goaf coal packs on their thickness for the conditions of formation of the recess d 6 on mine "Shakhtynskaya" (curve 1 -L 1 ) and the formation of the recess k 10 on mine "Abai" (curve 2 -L 2 ). Figure 2 illustrates that with the decrease of removable thickness of the reservoir d 6 from 4.0 to 2.5 m the gas volume of left coal stacks increases from 0 to 10 m 3 /t. On mine "Abaiskaya" along with k 10 layer during the decline of removable thickness from 5.0 to 2.5 m from left packs the gas production increases from 2.6 to 9.0 m 3 /t of coal mining. Figure 2 .The dependence of gas release intensity from abandoned coal packs on their thickness. Table 3 shows the distribution of methane extracted by means of drainage and ventilation of the main layers of the Karaganda (Kwon & Aliyev, 2003 
Environmental Benefits of Methane Extraction during the Coal Mining
In view of stated, the purpose of a current subsection is to define ecological and economic implications of this method (preliminary degassing) in its relation to option of no usage of this method (zero option). Currently, coal deposits around the world are considered from the point of extraction of solid fuel and gas, the use of which in energy generation leads to emissions of greenhouse gases: carbon monoxide and methane. Taking into account the steady growth of world coal production, the share of emissions of methane from coal deposits will continue to increase, polluting the atmosphere with noxious gases. It is, therefore, necessary to create a base for a successful recovery and industrial use of methane, for example, as unconventional source of energy generation. The expansion and development of the technology of hydraulic partition of coal seams can become such a base.
However, the widespread implementation of preliminary degassing is constrained by low flow rates of methane from the wells, which is due to insufficient knowledge of the physical processes that occur during the extraction of gases. Therefore, in order to create a technology aimed at intensifying the extraction of methane, it is necessary to define the laws of gas-dynamic processes occurring in the coal seam. Operation of any enterprise, in this case -a mine, as if option of no usage of preliminary degassing (zero option) and its application (basic version), has a negative impact on the environment. Preliminary extraction of methane does not envisage any changes in the technology of coal mining. Under these conditions, in the case of the zero option, the change of the environmental impact in the long term is determined by the amount methane emissions from flaring. The impact on the air quality is manifested by:
1. Allocation of gas emissions from methane flaring recovered during the entire period of wells' operation.
2. Allocation of harmful gases emitted during the operation of auxiliary equipment (usually diesel driven) for the processing of coal beds (depending on the number of wells and production technology).
The total estimated consumption of diesel fuel used in an implementation of technology of preliminary methane recovery is about 26 tons per well. The harmful emissions from the equipment used in the construction and well treatment are identified on the basis of calculated fuel consumption and associated emissions from units and listed in Table 4 . The maximum emission of pollutants from the combustion of diesel fuel occurs in the process of hydro-dissection of the coal seam (6 simultaneous operations of pump units) while diesel consumption is 128 kg/h. Duration of maximum emission in the processing of a single well is about 45 hours. Estimated gross emissions from operating equipment in the processing of one well is 3.6 tons. Indicators on emissions of air pollutants by source of emissions is provided in Table 5 . The estimated value of total emissions of pollutants in the atmosphere is 31.2 tons. Moreover, as a result of methane flaring extracted from the wells with a flow rate of 1 m 3 /min 1,029 tons of CO 2 is being produced. In order to conduct comprehensive estimation of the value of total emissions it should be noted that the extraction of mine with gas content of 50 m 3 /t and production rate of one million tons of coal per year the emission of methane itself is equivalent to almost 700 thousand tons of CO 2 (ArcelorMittal Coal Mines, 2013) . Depending on the mining geological conditions with the aim to ensure the production of one million tons of from 3 to 8 preliminary degassing wells are required. Thus, the calculations show that the share of emissions from the use of technology advance methane recovery (preliminary degassing) in the share of total air pollution is negligible and does not exceed 1%. In accordance with the Kyoto Protocol if the mechanism of emissions trading of GHG emissions and joint implementation (JI) projects are applied, it is necessary to take into account the value of reduced GHG emissions.
When methane is used to produce heat or electricity additional environmental impact is determined by the difference of the of specific CO 2 emissions per 1 unit of power. So during methane usage in the boiler room (in the form of transferring from coal to gas), CO 2 emissions from the same heat output will be reduced to 1.74 times, i.e. in transferring for methane usage option of one boiler (ДКВР-10/13) absolute carbon dioxide emissions are reduced by almost 15 tons per year. With the cost of one ton of carbon equivalent from 10 to 15 USD the economic effect even in the case of flaring will be about 3.2 million USD, which exceeds the cost of establishment of preliminary degassing option. However, taking into account the time factor the economic efficiency is still more than 75%. Thus, the use of technology advance methane recovery will reduce the emission of GHG into the atmosphere. Even in case the cost of one ton of carbon equivalent will not be less than 7 USD (the economic benefit of reducing GHG emissions will exceed the cost of preliminary degassing application.
Premise of Ensuring Methane Safety
The approaches to the development of resource-efficient clean technology of development for coal deposits with high gas content are being tested for the last ten years at the mines "named after Lenin," "Kazakhstan" and "Shakhtinskaya". In following decade, a large range of technological solutions for the extraction of methane from unloaded from rock pressure coal seams has been tested. On the mine "Kazakhstan" a complex of 25 gas wells with a maximum flow rate of methane per well up to 1.5 m 3 /min (methane is extracted only from one of the working layers) has been established presenting a concentration of methane in the extracted mixture of 96-98% (Ministry of Industry and New Technologies of RoK, 2009) . Currently, all of these wells are caring flare methane recovery (methane flaring), which reduces emissions of GHG into the atmosphere by 30 thousand tons per year of carbon equivalent. At a cost of 15 USD for 1 ton of carbon equivalent economic benefit from the sale of quotas under the Kyoto Protocol within JI projects could reach 450 thousand USD.
The gas production should be applied in advance, for 5-10 years before the start of mining operations. At the www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 6; 2015 same, the layout and parameters wells' location should be determined taking into account the plan for future mining operations for coal extraction (Davies et al., 2014) . This planning will allow during coal production to reduce the risk of methane explosions due to significant degassing of working layers. The mining operations during the lifecycle of the mine results in unloading coal rock mass and increasing methane recovery of carbonaceous gas-saturated rocks. At this stage, it is advisable to use complex methods to extract methane, which combine surface wells, previously used for a preliminary degassing, and subterranean wells, joined in a single system (Mavor et al., 2004) . In the process of unloading the array yields of wells are increasing tenfold, but the air suction of the mine workings grows as well, causing a reduction in gas concentration, which requires special measures to maintain the conditional parameters of extracted gas mixture (Olsen et al., 2003) . With the aim to ensure a steady flow rates of methane (both in terms of volume and concentration), it is necessary to take into account patterns of methane emissions from reservoirs and unloaded spaces, as well as the impact of air filtration processes in the undermined array on the parameters of extracted gas mixture.
Therefore, changes in patterns of desorption and methane drainage in various stages of development of coal deposits indicate that the requirements for the gas production technology in the process of coal mining are also changing. Thus, three stages of methane extraction corresponding to fundamentally different types of stress-strain state of the array are being proposed:
• period of design and construction of the mine, corresponding to methane production from unloaded array;
• period of operation (development of mining operations, development of design capacity and attenuation) to the full development of reserves or the closure of the mine for other reasons; this stage corresponds to the conditions of extraction of methane from unloaded array;
• period from the beginning of the isolation of individual areas and the closure of the mine as a whole till complete the gas depletion of undermined strata; this period corresponds to the conditions of the methane extraction from old goaf.
Because all three phases cannot be clearly separated in time, as change in the stress-strain state of the process of coal extraction occurs constantly (from the state of nature to decay full displacement), all three stages can occur simultaneously in the same mine field. Therefore, a multistage technology is the most efficient, involving the use of same wells for methane production at all stages of field development. However, the modes of operation of these wells, as we move from the first stage of field development to the last, will be different.
Economic Efficiency
Some private companies (which perform their works at the exploration stage) are located in Karaganda basin. Manufacture company "Arcelor Mittal" produces methane (taking into consideration all coal mining legal requirements) by removing dissolved gases from liquids at 300-600 meters deep underground level. Due to the lack of proper pipeline infrastructure in this area, the methane gas is released directly to the atmosphere. "Arcelor Mittal" is negatively influenced by low flow rates and by pipeline construction (as it is not cost-efficient). According to the International Energy Agency, the cost of production at such facilities is between 115 to 305 US dollars per 1,000 m 3 . At the same time in the USA, where, according to JPMorgan investment bank, in 2009 the share of coal bed methane amounted to 7.6 % of the total production of shale gas (56 billion m 3 ) (Schlumberger, 2013) . Production cost, including transportation cost, has been estimated in the range from 120 to 200 dollars per thousand cubic meters (traditional gas production projects demonstrate lower costs starting from 30 dollars). In assessing the prospects for such projects in Kazakhstan, it is important to focus on these figures. After all, the U.S. production is carried out far away from the consumer. The Figure 3 proves, that there significant gas reserves in nonbearing and undermined formations. The target formation is distant from locations, where gas reserves are produced, and the limiting value is allocated in close proximity. Importantly, methane is produced from these resources and mostly used for industrial and domestic needs.
Discussion
In general, the possibility of commercial production of coalbed methane is justified by:
• high gas potential of the Karaganda coal basin;
• existence of both foreign and domestic high-performance and highly profitable technology CBM development;
• presence of scientific and technical capacity, able to carry out and coordinate scientific research on this topic (for example, Karaganda State Technical University, LLP "Azimuth Geology," etc.);
• existing positive experiences in the use of coal-bearing strata (for example, LLP "Zhumys-Strojservis", JSC "ArsellorMittal Temirtau");
• need to ensure environmental and industrial safety in subterranean coal mining.
The stated research hypothesis has confirmed that the involvement of coalbed methane in overall energy balance of Kazakhstan will contribute to the solution a number of problems:
• Social: improvement of safety of mining operations in the coal industry and, as a consequence, reduction of the number of deaths and injuries due to declined risk of mines explosions; creating new job placements in gas fields and thus reducing social tensions in coal-mining areas.
• Economic: creation of a new energy industry in the Republic of Kazakhstan, based on the use of methane; decrease in costs of the subsequent coal production; reduction in costs associated with the liquidation of the consequences of accidents in mines and increase in coal production; decline of purchase cost and transportation cost of natural gas from gas-producing areas.
• Environmental: improvement of ecology in coal mining areas, due to the reduction of emissions from coal mines in atmosphere of Central Kazakhstan.
Conclusion
The following article aimed to generalize and analyze different aspects of CBM production in Karaganda basin. On our opinion, the next stages of research address:
www.ccsenet.org/mas Modern Applied Science Vol. 9, No. 6; 2015 • An assessment of the gas content and reserves estimation in the perspective areas of Karaganda coal basin through the field (sampling) and analytical work. This assessment will become a precondition for the formation of the most appropriate and effective development scheme of coalbed methane production.
• An integration of disciplines (geophysical, geological, petrophysical) and reservoir data (reservoir engineering) to achieve a success in CBM Development Planning for Karaganda coal basin. Comprehensive planning will allow to increase the probability of drilling higher deliverability wells and higher GIP/km 2 wells (Hower et al., 2003) .
• In order to fill the gap and update the scientific information (consequence of post-soviet crisis in national R&D sector) a development of CBM Databases (Mohaghegh et al., 2005) , including related information on literature, reservoir characteristics and production.
